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Description 

BACKGROUND OF THE INVENTION 

-leio of the invention 

Tne present invention relates in general to a dielec- 
tric filter for the microwave spectrum of frequency and 
a methoa of adiusting the frequency characteristic of the 
dielectrc filter More partcularly the present invention 
is concerned with a small-sized dielectric filter construct- 
ed for excellent filtering properties, and a method by 
wnich the frequency characteristic of such dielectric fil- 
ter can be easily adjusted 


Discussion of the Prior Art 

In a microwave telecommunication system of mod- 
em vintage such as a portable or automobile telephone 
system, various filters using dielectric ceramics are 
used for minimizing the transmission loss. A known di- 
electric filter has a plurality of coaxial type resonators 
connected to each other Each resonator is a dielectric 
block which has a central through-hole whcwse cylindrical 
surface is metallized to provide a central conductor serv- 
ing as a resonating element. However, the central 
through-holes of the resonators have been a limiting fac- 
tor to an effort to reduce the thickness and size of this 
type of dielectric filter Further, this dielectric filter has a 
relatively large number of parts, and accordingly re- 
quires a cumbersome or complex fabrication process. 

On the other hand, a three-layered or so-called tri- 
plate type dielectric filter as disclosed in laid-open Pub- 
lication No 59-51606 of unexamined Japanese Patent 
Application, for example, is free from such drawbacks 
Namely, it is recognized in the art that the tn-plate type 
dielectric filter can be comparatrvely easily fabricated, 
with a considerably reduced thickness. An example of 
the dielectric filter of the tn-plate construction is illustrat- 
ed in Figs. 12 and 1 3. This dielectric filter which is indi- 
cated generally at 2 in Fig 1 2, has a dielectric substrate 
6 in which there is embedded a patterned array of an 
input and an output electrode 3 and a plurality of striplme 
resonator electrodes 4 (three electrodes 4 in this spe- 
cific example) The outer surfaces of the dielectric sub- 
strate 6 are coated with a ground conductor 8 (respec- 
tive conductive films 8), except certain areas on a pair 
of opposed side surfaces, on wnich an input and an out- 
put contact 10 are formed, respectively. Thus, the die- 
lectric filter 2 is fabncated to be considerably compact 
and thin. 

In the known tn-plate type dielectric filter 2 shown 
in Fig 1 3, the resonator electrodes 4 are formed so as 
to provide a comb-shaped or interdigital structure, and 
the desired filtering properties are obtained by adjusting 
the spacing between the adjacent resonator electrodes 
4 Thai is, the dielectric filter 2 does not have a circuit 
for electrically connecting the resonator electrodes 4 


Howeve- tneaocicants recognizee a -eec - c - ccv = r- 
slcp an e.ectncaily connecting circuit sc as :z proves 
capacitors oetween the adjacent eiectroaes 4 ,n c.-ser 
to meet recent stringent reauirements for improvec 
properties of the aielectnc filter for the microwave fre- 
quencies which cannot oe dean with by tne mere pro- 
vision of a simple comb-snaped or intera.gita. structure 
of the resonator electrodes 

Conventonally, the final fine adjustment to obtain 
the oesired frequency characteristic of the dielectric fil- 
ter 2 is accomplished by trimming a portion of the ground 
conductor 6 wnich corresponds to the resonator elec- 
trodes 4, or by trimming the short-circuried enos of the 
electrodes 4 that are electrically connected to the con- 
's ductor 8. However the positions of the electrodes 4 em- 
bedded in the dielectric substrate 6 cannot be accurately 
detected, and the trimming is difficult to achieve the de- 
sired frequency characteristic of the filter 

20 SUMMARY OF THE INVENTION 

The present invention was developed to solve the 
problem encountered in the prior art as described 
above It is therefore a first object of this invention to 
zs provide a tn-plate type dielectric filter which exhibits im- 
proved filtering properties, without an increase in the 
size and the number of parts, as defined in claim i 

A filter with the features of the preamble of claim 1 
is known from patent document EP-A-0 414 619 Fur- 
3" ther advantageous embodiments are defined in claims 
2 to 8 

A second object of the invention is to provide a 
method suitable for facilitating adjustment of the fre- 
quency characlenstic of such dielectric filter as defined 
35 in claim 9 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and ad- 
*o vantages of the present invention will be better under- 
stood by reading the following detailed description of 
presently preferred embodiments of the invention, when 
considered in connection with the accompanying draw- 
ings, in which 

4S 

Fig 1 is a perspective view showing one embodi- 
ment of a dielectric filter of the present invention. 
Fig 2 is a cross sectional view taken along line 2-2 
of Fig. i, 

50 Fig 3 is a perspective view showing another 
embodiment of the dielectric filter of the invention. 
Fig 4 is a plan view of a first dielectric plate of the 
dielectric filter of Fig 3; 

Fig 5 is a plan view of a second dielectric plate of 
K the dielectric filter of Fig 3; 

Fig 6 is a cross sectional view taken in a cutting 
plane indicated in dashed line in Figs. 4 and 5. 
Fig 7 is a view showing an equivalent circuit of the 
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aieiectr.c te- o< -ig 3 

f- g = s a persoec: ve view snowing a •ulhei 
emDccimert of the aieiecinc filter 0 < this invention 
Fig 9 is an expiodec oerspective view of tne dieiec- 
trie filter of Fig 5 

Fig 1 0 is a view snowing an equrvaient circuit of tne 
dielectric filter of c ig S 

Fig 11 ,s a graph indicating a relationship between 
the frequency and the damping effect of the filter of 
Figs 8-10 

Fig 12 is a oerspective view showing a Known die- 
lectric filter and 

Fig 13 is a cross sectional view taken along line 
13-13 of Fig. 12 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to Figs 1 and 2, there is shown one 
example of a three-layered or tri-plate type dielectric fil- 
ter constructed according to the principle of the present 
invention The dielectric filter as indicated generally at 
12 in Fig 1 , is a generally rectangular structure whose 
six surfaces include two opposite major surfaces and 
four side surfaces All of these six surfaces are coated 
with a ground conductor 14, namely, with respective srx 
conductive films 1 4 However, small areas on the oppo- 
site two longer side surfaces are left uncovered with the 
conductive films 1 4, so that respective two input and out- 
put contacts 1 6, 1 6 are formed on those areas, as shown 
m Figs. 1 and 2. such that the contacts 1 6 are electrically 
insulated from the ground conductor 14 (conductive 
films). Within the mass of the dielectric fitter 12, there 
are embedded a plurality of resonator electrodes 13, an 
input and an output electrode 20, and a plurality of cou- 
pling electrodes 22, 26, as described below 

The dielectric fitter 12 is a laminar structure fabri- 
cated by a common laminating method. The laminar 
structure includes a dielectnc substrate 24 as shown in 
Fig 2 On one major surface of this dielectric substrate 
24, there is formed a patterned array of three parallel 
equi-spaced elongate strips 18 as the resonator elec- 
trodes Further, the input and an output electrode 20 are 
formed on the same surface, such that these input and 
output electrodes 20 are electrically connected to the 
input and output contacts 16. These two electrodes 20 
are positioned on the opposite sides of the array of the 
elongate strips 18. The three elongate strips 16 are 
formed in a comb-shaped partem, so as to provide the 
respective resonators. The strips 18 have short- 
circurted first ends which are electncally connected to 
each other by means of the conductive film 14 formed 
on one of the opposrte shorter side surfaces of the die- 
lectric substrate 24 The other or second ends of the 
elongate strips 18 are located at a suitable distance in- 
ward of the other shorter side surface of the substrate 
24 It will be understood that the parallel elongate strips 
18 extend along the longer side surfaces of the sub- 


strate 24 and are spaced apart fror- eac- ore' - tne 
direction pa:a:iei to tne shorter side surtaces o 1 re s j-. 
strate 24 

The coupling electrodes 22 are formed integral^ 
s with the second ends of the elongate strips 1 3 such rat 
each electrode 22 extends toward trie second eras of 
me aoiacent strips 13 As shown in Fig 2 tne coupling 
electrodes 22 formed with the strips 1 3 are spacea apart 
from each other in the direction perpendicular to tne di- 
'0 rection of extension of the strips 1 8, for capacitiveiy con- 
necting the elongate strips 1 3 at their second ends The 
thus patterned array of the coupling electrodes 22 pro- 
vides capacitors between the second ends of the ac- 
cent strips 18 The capacitance values of these capac- 
15 itors can be adjusted by suitably patterning the array of 
the electrodes 22. whereby the desired filtering property 
of the filter 12 can be obtained This adjustment is not 
possible on the known dielectnc filter 

Between the patterned array of the coupling elec- 
20 trodes 22 and the shorter side surface of the substrate 
24 opposite to the shorter side surface at which the first 
ends of the elongate strips 18 are connected to each 
other by the conductive strip 14, there is formed a gen- 
erally U-shaped coupling electrode 26 for capacitiveiy 
« connecting the two outer elongate strips 1 8 at their sec- 
ond ends. Namely, two capacitors are provided, one be- 
tween one end of the coupling electrode 26 and one of 
the two outer strips 18, and the other between the other 
end of the electrode 26 and the other outer strip 1 8 The 
30 capacitance values of these capacitors can also be ad- 
justed by suitably patterning the coupling electrode 26, 
whereby the frequency characteristic of the dielectric fil- 
ter can be improved. 

The provision of the coupling electrodes 22, 26 
3S makes it possible to meet stringent requirements for im- 
proved charactenstic of the filler 12, while maintaining 
the filter 12 sufficiently thin and small-sized, with the 
electrodes 22, 26 as well as the elongate strips (reso- 
nator electrodes) 18 being embedded in the mass of the 
*o dielectric filter 12. Thus, the improved dielectric fitter 12 
can be obtained without increasing the size or the 
number of process steps It is to be noted that the cou- 
pling electrode 26 for capacitiveiy connecting the two 
outer elongate strips 18 is not essential according to the 
45 principle of this invention 

Referring next to Figs 3-7, there will be described 
another example of the tri-plate type dielectric filter, 
which is indicated generally at 28 in Fig 3 The dielectric 
fitter 28 is coated with the ground conductor 14, except 
so for one of the opposite shorter side surtaces, on which 
the second ends of the elongate strips 18 (resonator 
electrodes) are exposed, as shown in Fig. 3 As in the 
first embodiment of Figs 1 and 2. the first ends of the 
strips 18 are short-circuited, i e. electrically connected 
55 to each other by the conductive film 14 on the other of 
the opposite short side surfaces of the filter 28 Unlike 
the input and output contacts 1 6 in the first embodiment, 
the contacts 1 6 in the present embodiment are formed 
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or ccm^ per c-s orov cec oy :~e tec sj^ace anc fn e 
opposite -cng sice spaces of trie filter 26 wh.c- are 
aciacen: tc :re opposite ends ct !ne snort siae su'ace 
on wmcn the second ends of the strips "5 are exposed 
'nese input and output contacts 16 are electrically in- 
sulated from the conductive f.ims 1 i on the top and long 
sice surfaces of the fitter 25 Namely the corne- portions 
indicated aoove are left uncovered by the conductive 
films 14 

* 

The dielectric filter 28 uses two dielectric substrates 
30 32 as shown in Figs 4 and 5. respectively The pat- 
terned array of equi-spaced parallel elongate strips 18 
is formed on the first dielectric substrate 30 while the 
three coupling electrodes 22 for capacitively connecting 
the adjacent elongate strips 18 are formed on the sec- 
ond dielectric substrate 32. The first ends of the strips 
1 6 are short-circuited on one of the opposite shorter side 
surfaces of the first substrate 30 while the second ends 
of the strips 1 8 are exposed on one of the opposite short- 
er side surfaces of the second substrate 32. which is 
opposite to the above-indicated one shorter side surface 
of the first substrate 30 The three coupling electrodes 
22 are patterned such that these electrodes 22 are po- 
sitioned right above and spaced apart from the second 
ends of the corresponding strips 18 when the first and 
second substrates 30, 32 are superposed on each other 
A green laminar structure consisting of the superposed 
first and second substrates 30, 32 is fired into a blank 
for the dielectric filter 28 

The thus prepared blank for the dielectric fitter 28 is 
trimmed at a suitable position as indicated in dashed 
lines in Figs. 4 and 5, which indicate a trimming plane 
which corresponds to the shorter side surface of the filler 
28 on which the second ends of the strips 18 and the 
corresponding coupling electrodes 22 are exposed, as 
shown in Fig. 6. 

Reference is now made to Fig. 7 showing an equiv- 
alent circuit of the dielectnc filter 28. The equivalent cir- 
cuit includes three resonators 34 corresponding to the 
three elongate strips 1 8, three capacitors 36 provided 
between the strips 18 and the coupling electrodes 22, 
and two capacitors 38 provided between the adjacent 
electrodes 22 The capacitance values of these capac- 
itors 36, 38 can be adjusted as desired by suitably pat- 
terning the coupling electrodes 22, whereby the desired 
filtering property can be obtained, without increasing the 
size and complexity of the filter 28, with the coupling 
electrodes 22 embedded within the first and second di- 
electric substrate 30, 32 

In the present second embodiment, the coupling 
electrodes 22 are provided on the second dielectric sub- 
strate 32 and are spaced apart from the second ends of 
the elongate strips or resonator electrodes 18 Accord- 
ingly, the coupling electrodes 22 have a higher degree 
of freedom of patterning, without a design limitation by 
the second ends of the strips 18 as existing in the first 
embodiment. Thus, the present arrangement permits a 
relatively complicated circuit for capacitive connection 


of the seccr-c encs of the elongate s;-;cs •= =y : - e -- 
pung electrodes 22 

r, !ne second embodiment tne two outer ccj~m~ 
electrodes 22 serve aiso as the ,npu: anc ctp-.Te ec" 
s trooes (20) whicn are exclusively crovioec in the Vst 
emoodiment As shown ,n F,g 7 tnese two outer ccl- 
plmg electrodes 22 provide resoecrve capacitors 4C as- 
sociated with the input and output contacts 1 6 'ne ca- 
pacitance values of these input and output capacitors 
'0 40 can also be adjusted by suitaciy patterning the two 
outer coupling electrodes 22 

As described above the dielectric filter 2S is 
trimmed at the second ends of the elongate strips 16 
and the corresponding coupling electrodes 22 for fine 
'5 adjustment of the frequency characteristic of the fitter 
The trimming operation for this adjustment is simple ano 
easy, contnbuting to improved efficiency of fabrication 
of the filter 28. 

Referring further to Figs 8-11, there will be de- 
20 scribed a further example of the tn-piate type dielectric 
filter, which is indicated generally at 42 in Fig 8 The 
dielectric filter 42 is coated with the ground conductor 
14, except for some areas of one of the opposite short 
side surfaces, on which the second ends of the respec- 
ts tive elongate strips 18 are exposed, as shown in Fig 8 
That is, parallel spaced-apart elongate conductive strips 
14a are formed on the above-indicated one short side 
surface of the dielectnc filter 42, such that these con- 
ductive stnps 14a define areas on which the respective 
30 elongate strips 18 of the resonator electrodes are ex- 
posed 

As in the first and second embodiments of Figs 1 -7. 
the first ends of the strips 18 are short-circuited by the 
conductive film 1 4 on the other of the opposite short side 
3S surfaces of the filter 42. As in the first embodiment of 
Fig. 1-2, the contacts 16 in this embodiment are formed 
on the opposite long side surfaces of the filter 42, and 
are electrically insulated from the conductive films 1 4 on 
the long side surfaces of the filter 42 
40 More specifically, four substrates 44, 46, 48 50 as 
shown in Fig 9 are superposed on each other so as to 
form the dielectric filter 42 in which are embedded the 
coupling electrodes 22, elongate strips 1 8 and input and 
output electrodes 20 As shown in Fig 9, the elongate 
*s strips 1 8 are formed on the third dielectric substrate 48 
whose first ends are short-circuited by the conductive 
film 1 4 and whose seconds ends are exposed between 
the adjacent conductive strips 14a on one of the oppo- 
site short side surfaces of the filter 42, as described 
so above Further, the two coupling electrodes 22 for ca- 
pacitively connecting the elongate strips 18 are formed 
on the second dielectric substrate 46 such that the cou- 
pling electrodes 22 are positioned right above and 
spaced apart from the second ends of the elongate 
& strips 1 8 A green laminar structure consisting of the su- 
perposed four substrates 44, 46, 48, 50 is fired into a 
blank for the dielectric filter 42 

There is illustrated in Fig. 10 an equivalent circuit of 
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the aeiectnc Ute- 42 wr-icn memoes fee resonators 
34 coresooncirg : 0 the :nree eiongate strips * = . a-c 
'ou- capacitors 36 provided oetween trie strics '9 ana 
tne coupling electrodes 22 The adjacent resonators 34 
are electrically connectea to eacn other tnrougn tne ca- 
pacitors 36 and the coupling electrodes 22 The capac- 
itance values of the capacitors 36 can Pe aoiusled as 
aes.red by suitably patterning the coupling electrodes 
22 so as to obtain the desired filtering property. 

Further, the elongate conductive strips 14a of the 
conductor 14 effectively eliminate a difference in poten- 
tial between the conductive films 1 4 on the opposite top 
and bottom surfaces of the dielectric filter 42. thereby 
assuring improved stability of the filtering characteristics 
of the filter 42 

The equivalent circuit also includes three capacitors 
52 between the exposed or second end portions of the 
elongate strips 18 and the elongate conductive strips 
1 4a on the corresponding short side surface of the die- 
lectric filter 42, as indicated in Fig. 10 In the presence 
of these capacitors 52. the elongate strips 18 serving as 
the resonator electrodes are made inductive with re- 
spect to the resonance frequency, whereby there are 
provided an inductor M between the adjacent resona- 
tors 34 Thus, each resonator 34 is provided with a ca- 
pacitor 36 and an inductor M, and the effect of damping 
by the instant dielectric fitter on the input microwave 
spectrum is smaller in a frequency band of the spectrum 
lower than the pass band, than the effect of damping by 
the Known dielectric filter, as indicated in the graph of 
Fig 11. This means improved capability of filtering the 
desired frequency band In addition, the provision of the 
capacitors 52 makes it possible to reduce the length of 
the resonators 34, for the same resonance frequency, 
thereby contnbuting to reduction in the size of the die- 
lectric filter 42. 

According to the present invention, the resonator 
electrodes 18 in the form of the elongate strips and the 
coupling electrodes 22 which are entirely embedded 
within the dielectnc substrate (24) or substrates (30, 32; 
44, 46, 48, 50) are preferably formed of an electrically 
conductive material whose resistivity is relatively small, 
whose major component or components is/are Au, Ag 
and/or Cu. for example Since the loss at the electrodes 
18, 22 increases the loss of the filter in the pass band, 
it is desired that the resistivity of the connecting circuit 
be sufficiently low, particularly where the filter deals with 
the electromagnetic wavelengths in the microwave 
spectrum. 

Where a Ag- or Cu-based electrically conductive 
matenal is used for the electrodes 18, 22, it is necessary 
to use a dielectric material (for the dielectric substrate 
or substrates 24 30, 32) which can be fired or sintered 
at a temperature lower than the melting point (1100'C 
or lower) of such electrically conductive material, since 
the melting point of the Ag- or Cu-based conductive ma- 
terial is too low to permit co-firing ol the conductive ma- 
terial with an ordinary dielectric material Where the di- 


electric 'ilte' is usee as a microwave ' ite' : s aes -=;, e 
:~3< :ne aeiectnc material ,s selected !c assu-e the 
temperature coefficient of the resonance ''equercy s" 
resonance circuits corresponding to the resonator eiec- 
s trooes 16 be nelo not higher than ±50pcm,"C Examples 
of tne preferred dieiectnc material include a giass com- 
pos it ion consisting of a mixture of a cordiente giass pow- 
der a TiC 2 powder and a NdjTi-jO-, powoer ana a fix- 
ture consisting of a BaO-Ti0 2 -RE 2 0 3 -Bi 2 0 3 composi- 
'0 Hon (RE rare earth component) anc a smal amount of 
a glass forming component or a glass powoer 

To further clarify the present invention there will be 
described some examples of the present invention 
However, rt is to be understood that the invention is not 
'5 limited to the details of the following examples, but may 
be embodied with various changes, modifications and 
improvements, which may occur to those skilled m the 
art, without departing from the spirit of the invention 

z° Example 1 


A powder mixture was prepared by sufficiently mix- 
ing 73 wt.% of a glass powder, 1 7wt % of a Ti0 2 powder 
and 10 wt.% of an NdjTfeOj powder The glass powder 
« consists of 18 wt.% of MgO, 37 wt.% of Al 2 0 3 , 37 wt.% 
of Si0 2 , 5 wt.% of BjjOa and 3 wt.% of T0 2 The 
NdjTijCV powder was obtained by mixing Nd 2 0 3 pow- 
der and TD 2 powder, calcining the mixture at 1200°C, 
and milling the calcined powder mass To the prepared 
30 powder mixture, there were added an acrylic-based or- 
ganic binder , a plasticizer, toluene and alcohol sol- 
vents The powder mixture and these additives were 
well mixed by alumina balls, whereby a slurry was ob- 
tained. Using the slurry, green tapes having a thickness 
■35 of 0 2-0 5mm were formed by a doctor-blade method 
On the other hand, a Ag powder, an acrylic-based 
organic binder and a terpineol-based organic solvent 
were sufficiently kneaded by a three-roll method, where- 
by an electrically conductive printing paste was pre- 
*o pared Using the printing paste, a pattern of electrically 
conductive material corresponding to the electrodes 1 8, 
20. 22, 26 as shown in Fig. 2 was formed on some ol 
the green tapes, while a conductive layer corresponding 
to the ground conductive films 14 was formed on one 
« surface of the other green tapes One green tape having 
the pattern of electrodes and two green tapes each hav- 
ing the conductive layer were superposed on each other 
so that the pattern of electrodes are interposed by the 
two green tapes having the conductive layers, such that 
so the two conductive layers form the opposite surfaces of 
the obtained laminar green tape The laminar green tape 
was compacted at 100'C under I00kg/cm 2 The com- 
pacted laminar green tape was cut into pieces each cor- 
responding to the dielectric filter 12 of Fig 1 Then, the 
55 printing paste was applied to the four side surfaces of 
each piece, to form conductive pads corresponding to 
the input and output contacts, and conductive layers 
corresponding to the conductive films 1 4 on the four side 
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su-aces of :ne *;!te' '2 T njs a ou'a.ity c* p-'ecu-scs 
'or the Gieiectnc fi-ter 12 were p-ecared "hese precur- 
sors were 'irea ir she atmospne^e for 30 nnutes a: 
90C*C wnereoy thin microwave filters having a total 
thicKness of 2mm were produced 

These fitters had a band width of 20Mhz ano an in- 
sertion ;oss of 3dB where the nominal frequency was 
900MHz A smterec test piece was prepared oy using 
the powder mixture described above The test piece was 
ground to predetermined dimensions, and its tempera- 
ture coefficient of the resonance frequency in the micro- 
wave spectrum was measured according to Hakki & 
Coleman method, over a temperature range from -25°C 
to +75'C The measured temperature coefficient was 
+I0ppm/'C 


oy jsmg a Ag oaste anc concactec arma- ree- 
tanes 'or ti e filter '2 were prepared T ne- a com r- so- 
cially available Cu paste was appneo :c *cm corcucuve 
films anc pads corresponding to the ground concLctive 
5 Wms 14 and input and output contacts 16 wnereoy pre- 
cursors for the fitter 1 2 of Fig 1 were octameo Th ecre - 
cursors were fired in the atmosphere for 3C minutes at 
600°C. into 2-mm thick microwave filters T hese fitters 
had a band width of 20 MHz and an insertion loss of 
3dB. where the nominal freauency was 900MHz 

Example 4 


Example 2 

A powder mixture was prepared by sufficiently mix- 
ing 73 wl % of a glass powder, 1 7wt % of a Ti0 2 powder 
and 10 wt.% of an NdjTigO? powder. The glass powder 
consists of 1 7 wt.% of MgO, 37 wt.% of AljOj. 37 wt.% 
of S0 2 , 5 wt.% of B^, 3 wt.% ot Ti0 2 and 1 wt.% of 
MnO The TO 2 powder was obtained by mixing com- 
mercially available T0 2 and MnO powders, calcining 
the mixture at 1200'C, and milling the calcined powder 
mass The NdjTijO? powder was obtained by Nd 2 0 3 
powder, T0 2 powder and MnO powder, calcining the 
mixture at 1200*0 and milling the calcined powder 
mass 

To the prepared powder mixture, there were added 
an acrylic-based organic binder , a plasticizer, toluene 
and alcohol solvents The powder mixture and these ad- 
ditives were mixed by alumina balls, whereby a slurry 
was obtained Using the slurry, green tapes having a 
thickness ot 0.2-0 5mm were formed by a doctor-blade 
method 

On the other hand, a Cu powder, an acrylic-based 
organic binder and a terpineol-based organic solvent 
were sufficiently kneaded by a three-roll method, where- 
by an electrically conductive pnnting paste was pre- 
pared Using the pnnting paste, a pattern of electrodes 
and a conductive layer were printed on the green tapes, 
and compacted laminar green tapes for the filter 12 ot 
Fig. 1 were prepared, as in Example 1 Then, precursors 
for the dielectric fitter 12 were prepared by applying the 
printing paste to the laminar green tapes, as in Example 
1 The precursors were fired in a nitrogen atmosphere 
for 30 minutes at 950*C, whereby thin microwave filters 
having a total thickness of 2mm were produced These 
fitters had a band width of 30MHz and an insertion loss 
of 3 5dB, where the nominal frequency was 900MHz 

Example 3 

A pattern of electrically conductive material corre- 
sponding to the resonator electrodes 1 8, 20. 22. 26 was 
printed on the green tapes as prepared in Example 1 


A powder mixture was prepared by adding a total 
J i of 8 wt.% of a low-melting point giass powoer ana a low- 
meltmg point metal oxide powder, to 92 wt.% of a pow- 
dered BaO-Ti0 2 -Nd 2 03-Bi 2 0 3 composition To the pre- 
pared powder mixture, there were added an acrylic - 
based organic binder a plastcizer, toluene and alcohol 
20 solvents The powder mixture and these additives were 
well mixed by alumina balls, whereby a slurry was ob- 
tained Using the slurry, green tapes having a thickness 
of 0 2-0 5mm were formed by a doctor-blade method 
On the other hand, a Ag powder an acrylic-based 
« organic binder and a terpineol-based organic solvent 
were sufficiently kneaded by a three-roll method, where- 
by an electrically conductive printing paste was pre- 
pared. Using the printing paste, a pattern of electrically 
conductive material corresponding to the resonator 
30 electrodes 18 as shown in Fig. 4 was formed on some 
of the green tapes, while a pattern of electrically con- 
ductive material corresponding to the coupling elec- 
trodes 22 were formed on the other green tapes Fur- 
ther, a conductive layer corresponding to the ground 
3S conductive film 14 and conductive pads corresponding 
to the input and output contacts 16 as shown in Fig 3 
were formed on one surface ot the yet other green tapes 
The following four green tapes were superposed on 
each other in the order of description: one green tape 
*o having the conductive layer and the two conductive 
pads; two green tapes one having the pattern for the 
resonant electrodes 1 8 and the other having the pattern 
for the coupling electrodes 22; and one green tape hav- 
ing the conductive layer. The prepared laminar green 
« tape was compacted at 100*C under lOOkg/cm 2 The 
compacted laminar green tape was cut into pieces each 
corresponding to the dielectric fitter 28 of Fig 3 Then, 
the printing paste was applied to the four side surfaces 
of each piece, to form conductive layers corresponding 
so to the conductive films 14 on the four side surfaces of 
the fitter 28 Thus, a plurality of precursors for the die- 
lectric filter 28 were prepared These precursors were 
fired in the atmosphere, for 30 minutes at 900'C where- 
by thin microwave fitters having a total thickness of 2mm 
were produced 

These fitters 28 had a band width of 20MHz and an 
insertion loss of 3dB, where the nominal frequency was 
900MHz A sintered test piece was prepared by using 
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■ Me ccwaer mixture usee 'c-p-ocLCing -re :e-s 2= ~-e 
'es; p,ece was grc-na :c predetermine:: ^r-ensic-s 
arc 'ts temperature coefficient of 'he resonance Te- 
auency in tne microwave spectrum was measured ac- 
coramg to Hakki & Coieman method, over atemperature 
-ange from -25'C to + 75°C The measured temperature 
coefficient was + l5ppnVC Before the measurement 
a fine adjustment of the frequency characteristic of the 
test piece was made by trimming the second ends of tne 
resonator electrodes 1 S and the coupling electrodes 22 

Example 5 


A powder mixture was prepared py adding a total 
of 8 wl.% of a low-melting point glass powder and a low- 
melting point metal oxide powder, to 92 wt % of a pow- 
dered Ba0-TiO 2 -Nd 2 0 3 -Bi 2 03 composition To the pre- 
pared powder mixture, there were added an acrylic- 
based organic binder . a plasticizer toluene and alcohol 
solvents The powder mrxture and these additives were 
well mixed by alumina balls, whereby a slurry was ob- 
tained Using the slurry, green tapes having a thickness 
of 0 2-0 5mm were formed by a doctor-blade method 

On the other hand, a Ag powder, an acrylic-based 
organic binder and a terpmeol-based organic solvent 
were sufficiently kneaded by a three-roll method, where- 
by an electrically conductive printing paste was pre- 
pared. Using the printing paste, patterns of electrically 
conductive material corresponding to the resonator 
electrodes 18, input and output electrodes 20 and cou- 
pling electrodes 22 as shown in Fig. 9 were formed on 
respective green tapes for the third, fourth and second 
dielectric substrates 48, 50 and 46 Further, conductive 
films corresponding to the top and bottom conductor 
films 14 were formed on the appropriate green tapes 
The green tapes having the conductive patterns and 
films were superposed on each other in the appropriate 
order The thus prepared laminar green tape was com- 
pacted at 100*C under lOOkg/cm 2 The compacted lam- 
inar green tape was cut into pieces each corresponding 
to the dielectric filter 42 of Fig. 8 Then, the printing paste 
was applied to the four side surfaces of each piece, to 
form conductive layers corresponding to the conductive 
films 1 4 and strips 1 4a on the four side surfaces of the 
filter 42 Thus, a plurality of precursors for the dielectric 
filter 42 were prepared. These precursors were fired in 
the atmosphere, for 30 minutes at 900"C whereby thin 
microwave fitters having a total thickness of 2mm were 
produced. 

These filters 42 had a band width of 20MHz and an 
insertion loss of 3dB, where the nominal frequency was 
900MHz. A sintered test piece was prepared by using 
the powder mixture used for producing the filters 42 The 
test piece was ground to predetermined dimensions 
and its temperature coefficient of the resonance fre- 
quency in the microwave spectrum was measured ac- 
cording to Hakki & Coleman method, overatemperature 
range from -25'C to +75'C The measured temperature 


coe^ce-t was .-cDorr'C Before tne measure-en; 
a f -e aci^str-ent of tne '-ec-ency cnaracte' s; c c' 
test piece was maae by trimming the secona e-cs of tne 
^ resonator eiectroaes 1 5 ana the coupling eiectroces 22 

Claim* 

1. A tri-piate type dielectric filter navmg a dielectric 
'0 substrate (24 30 32 44 46 48 50) ana a plurality of 
resonator electrodes (18) emDedded in said sub- 
strate characterized in that coupling eiectroaes 
(22.26) are formed within said dielectric substrate 
spaced from said resonator electrodes, for capao- 
'S tively coupling said plurality of resonator electrodes, 
so as to provide capacitors (36,38) each between 
adjacent ones of said resonator electrodes 

2. A tn-piate type dielectric filter according to claim 1 , 
20 wherein a ground conductor ( 1 4, 1 4a) is provided on 

a first outer surface of said dielectric substrate (24. 
30,32:44,46,48,50), and said plurality of resonator 
electrodes (18) have short-circuited first ends con- 
nected to each other by said ground conductor 

25 

3. A tri-plate type dielectnc filter according to claim 2, 
wherein said plurality of resonator electrodes (16) 
consist of a plurality of elongate strips respectively, 
said elongate strips being formed substantially in 

30 parallel with each other 

4. A tri-plate type dielectnc filter according to claim 2 
or claim 3, wherein each of said resonator elec- 
trodes (18) has a second end opposite to said short - 

35 circuit first end thereof, further coupling electrodes 
(22) being formed integrally with said second ends 
of said resonator electrodes 

5. A tri-plate type dielectric filter according to any one 
4 <> of the preceding claims, wherein said coupling elec- 
trodes (22,26) include a coupling electrode (26) for 
capacitively coupling the two outermost electrodes 
of said resonator electrodes (18) 


45 


55 


6. A tri-plate type dielectric filter according to any one 
of claims 2 to 5. wherein each of said resonator 
electrodes (18) provides a stnpline type A/4 or A/2 
TEM mode resonance circuit, and has a second end 
which is exposed on a second outer surface of said 
dielectric substrate (30.32,44,46,48.50) 

7. A tri-plate type dielectnc filter according to claim 6. 
wherein said coupling electrodes (22) correspond 
to said resonator electrodes (18), respectively, said 
exposed second end of each said resonator elec- 
trodes (18) being spaced from a corresponding one 
of said coupling electrodes (22), in a direction of 
thickness of said dielectric substrate (30.32, 
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8. A tri-sate type ateiec:r;c filler acccramg to c;aim 5 
orciaim 7 wnerein saic gro jpc conaucicr ( 1 4 i4ai 
mciudes a top and a bottom conductive films (14) 
formed on opposite top and bottom surfaces as said 
first outer surface of said dielectric substrate 
i44 46 4S 50) respectively, and a plurality of con- 
ductive strips (14a) formed on a side surface as said 
second outer suilace of said dielectric substrate so 
as to electrically connect said top and bottom con- 
ductive films (14), such that said second ends of 
said resonator electrodes (19) are electrically insu- 
lated from said conductive strips (14a) 

9. A method of ad|ustmg a frequency characteristic of 
a tn-piate type dielectric filter as defined in any one 
of claims 6 to 8 characterized by comprising the 
step of trimming said second end of each said res- 
onator electrodes (18), to thereby ad|ust a reso- 
nance frequency of the corresponding resonance 
circuit. 


Patentansprucha 

1 . Dielektrisches Filter vom Dreiplatten-Typ mit einem 
dielektrischen Substrat (24;30, 32; 44, 46, 48, 50) 
und einer Vielzahl von im Substrat emgebetteten 
Resonatorelektroden (18), dadurch gekennzeich- 
net, da3 Kopplungselektroden (22. 26) innerhalb 
des dielektrischen Substrats im Abstand von den 
Resonatorelektroden ausgebildet sind, urn die viel- 
zahl von Resonatorelektroden kapazitiv zu kop- 
peln, urn Kondensatoren bzw Kapazitaten (36, 38) 
jeweils zwischen benachbarten Resonatorelektro- 
den bereltzustellen bzw vorzusehen 

2. Dielektrisches Filter vom Dreiplatten-Typ nach 
Anspruch 1, worm ein Masseleiter (14, 14a) an 
einer ersten AuGenflache des dielektrischen Sub- 
strats (24; 30, 32; 44. 46, 48, 50) vorgesehen ist 
und die Vielzahl von Resonatorelektroden (18) 
kurzgeschlossene erste Enden aufweist, die durch 
den Masseleiter mitemander verbunden sind. 

3. Dielektrisches Filter vom Dreiplatten-Typ nach 
Anspruch 2, worm die Vielzahl von Resonatorelek- 
troden (18) aus einer Vielzahl jeweiliger langlicher 
Strerten besteht, wobei die langlehen Streifen im 
wesentlichen parallel zueinander ausgebildet sind 

4. Dielektrisches Filter vom Dreiplatten-Typ nach 
Anspruch 2 Oder 3. worm jede der Resonatorelek- 
troden (18) em zwertes Ende gegenuber seinem 
kurzgeschlossenen ersten Ende aufweist, wobei 
werters Kopplungselektroden (22) einstuckig mit 
den zweiten Enden der Resonatorelektroden aus- 


S. 3ieiel«risches Filter vom Dreipiatter-T yc r.ac- 
einem der vorangegangenen Anspruche worm die 
Kopplungsele-aroden (22 26) eine Koppiungse:6K- 
trooe (26) zum kapazitrven Koppein aer oeider- 
au(3ersten Elektroaen oer ResonatoreieKtrooen 
(IS) umfassen 

>0 6. Dielektnsches Filter vom Dreiplatten-Typ nach 
einem der Anspruche 2 bis 5. worm jede aer Reso- 
natorelektroden (18) eine Streifenleitungsreso- 
nanzschaftung vom '*J4- oaer X12 TEM-Mode bereit- 
stelft und em zwertes Ende autweist, das auf einer 
' 5 zweiten AuRenflache des dielektrischen Substrats 
(30, 32, 44, 46. 48. 50) freiliegt. 

7. Dielektrisches Filter vom Dreiplatten-Typ nach 
Anspruch 6, worm die Kopplungselektroden (22) 

20 den Resonatorelektroden (18) jewens entspre- 
chend und das f reiliegende zweite Ende einer jeden 
der Resonatorelektroden (18) von einer entspre- 
chenden der Kopplungselektroden (22) in einer Dik- 
kenchtungdes dielektrischen Substrats (30, 32' 44 
25 46, 48, 50) beabstandet ist. 

8. Dielektnsches Filter vom Dreiplatten-Typ nach 
Anspruch 6 Oder 7, wonn der Masseleiter (14, 14a) 
emen obersten und einen untersten leitenden Film 

30 (14) umfa(3l, die aut gegenuberliegenden Deck- 
bzw Bodenflachen als der ersten AuGenflache des 
dielektrischen Substrats (44, 46, 48, 50) ausgebil- 
det sind. sowie eine Vielzahl leitender Streifen 
(14a), die auf einer Seitenflache als der zweiten 

35 Auflenflache des dielektrischen Substrats ausge- 
bildet sind, urn den obersten und untersten leiten- 
den Film (14) elektrisch zu verbinden, sodafl die 
zweiten Enden der Resonatorelektroden (18) elek- 
trisch von den leitenden Streifen (14a) isolien sind 

40 ' 

9. Verfahren zum Einstellen einer Frequenzcharakte- 
nstik eines dielektrischen Filters vom Dreiplatten- 
Typ, wie nach einem der Anspruche 6 bis 8 definiert, 
dadurch gekennzeichnet, da(3 es den Schntt des 
45 Tnmmens des zweiten Endes einer |eden Resona- 
torelektrode (18) umfaBt, urn dadurch eine Reso- 
nanzlrequenz der entsprechenden Resonanz- 
schaltung bzw des entsprechenden Resonanzkrei- 
ses einzustellen. 

so 


Revendication* 

1. Filtre dielectnque du type a trois plaques ayant un 
substrat dielectnque (24 30.32:44,46,48.50) et un 
certain nombre d'electrodes de resonateur (18) 
enfouies dans ledit substrat, caracterise en ce que 
des electrodes de coupiage (22.26) sont formees 
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dans ear. s-ost'a: a.eiecfque escacees cesces 
e t e::roces ce -escaie^r pour ccuc er :acac; >.e- 
rreni lacwesiuraiite a'e.ectrooes ce resonates af r 
de realiser les conaensateurs : 36 35 cnacur enire 
les eiectrodes adiacentes aes eiecfoaes de reso- s 
naieur 

2. Fiitre dieiectnque au type a trois plaques selon ia 
revendication 1 dans lequel un conoucteur de 
masse(14 14a) est prevu sur une premiere surface to 
externe du substrat dieiectnque precite (24 50.52 

44 56 46 50) et la pluralite precitee d'electrodes de 
resonateur (1 3) ont des premieres extremites court- 
circuitees reliees les unes aux autres par le conduc- 
teur de masse js 

3. Fiitre dieiectnque du type a trois plaques selon la 
revendication 2. dans lequel la pluralrte precitee 
d'eiectrodes de resonateur (18) consistent en un 
certain nombre de bandes allong6es. respective- 20 
mem. lesdites bandes allongees etant formees sen- 
siblement paralleles les unes aux autres. 

4. Fiitre dieiectnque du type a trois plaques selon la 
revendication 2 ou la revendication 3. dans lequel 2S 
chacune des electrodes de resonateur precitees 
(18) a une seconde extremite opposee a la pre- 
miere extremite court-circuilee precitee de ceiles- 

ci. des electrodes de couplage (22) etant de plus 
formees mtegraiement avec lesdites secondes 30 
extremites desdrtes electrodes de resonateur 

5. Fiitre dieiectnque du type a trois plaques selon I'une 
quelconque des revendications precedentes dans 
lequel les electrodes de couplage precitees (22,26) 35 
comprennent une electrode de couplage (26) pour 
coupler capacitivement les deux electrodes les plus 
externes des electrodes de resonateur precitees 
(18). 

40 

6. Fiitre dieiectnque du type a trois plaques selon I'une 
quelconque des revendications 2 a 5, dans lequel 
chacune des electrodes de resonateur precitees 
(18) realise un circuit de resonance en mode TEM 

A/4 ou A/2 du type a ligne de bande, et a une •« 
seconde extremite qui est exposee sur une 
seconde surface externe du substrat dieiectnque 
precite (30.32:44,46. 48,50). 

7. Fiitre dieiectnque du type a trois plaques selon la so 
revendication 6, dans lequel les electrodes de cou- 
plage precitees (22) correspondent respectivement 
aux electrodes de resonateur precitees (18), la 
seconde extremite exposee precitee de chacune 
desdites electrodes de resonateur (18) etant espa- ss 
cee de I'une correspondante desdites electrodes de 
couplage (22). dans une direction d'epaisseur dudit 
substrat dieiectnque (30,32.44 46.48,50) 


-I't-e cieiectncue 3u ry=e a :rois p.acues seer A 
'eve"3,ca:icr 5 ou ia -eve-cicancr ? oars ez-s 
e corcucteuroe masse precite "4 "4a; ccmpre-c 
fun conoucteur suoeneur e: un fur- concuc:eur 
infeneur C 4) formes sur des surfaces suoerieu r e et 
mfeneure opposees comme crem.ere surface 
externe precitee du substrat dieiectnque sreate 
(44 46 43,50), respectivement e: un certain nom- 
Dre oe bandes conductrices ( 1 4a ) formees su ' une 
surface laterale comme la seconde surface externe 
orecitee dudrt substrat dieiectnque. afin de relier 
electnquement lesdits films conducteurs supeneur 
et inferieur (14), de sorte que les secondes extre- 
mites precitees des electrodes de resonateur pre- 
citees (18) sont isolees electnquement desdites 
bandes conductrices (14a) 

Precede de reglage d'une caracteristique de fre- 
quence d'un fiitre dieiectnque du type a trois pla- 
ques comme defmi dans I'une quelconque des 
revendications 6 a 8, caractense en ce qu'il com- 
prend I'etape d'ajuster la seconde extremite preci- 
tee de chacune des electrodes de resonateur pre- 
citees (18), pour regler de la sorte une frequence 
de resonance du circuit de resonance correspon- 
dent. 
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